Abstract. An Autonomous Fire Detector (AFD) is a miniature electronic package 14 combining position location capability (using the Global Positioning System [GPS]), 15 communications (packet or voice-synthesized radio), and fire detection capability 
Introduction

34
One of the major problems in understanding and combating wildland fires is monitoring the time 35 history of the fire (Chandler 1983) . Understanding the size, location, and speed of advance of 36 the fire front is critical to optimal allocation of fire fighting resources and to maintaining safety 37 of the fire crew. Investigation of major wildland fire accidents involving loss of life often shows 38 that the crews became imperiled because of insufficient or untimely information about the 39 location and speed of advance of the fire (Rothermel 1993) . 40 An autonomous fire detector (AFD) is a field deployed fire alarm that has the ability to 41 remotely report its location and the presence of a fire in the vicinity. A wildland fire can be 42 detected by one or more inexpensive sensors in the AFD that detect smoke, carbon monoxide, 43 methyl chloride, rapid temperature increases, or any of a number of other physical phenomena 44 related to the presence of a wildland fire. The use of multiple sensors reduces the likelihood of 45 false alarms without unduly complicating the device. The AFD may also be equipped to record 46 3 and transmit other data affecting fire spread such as relative humidity and wind speed. The data 47 gathered by the AFD can be transmitted in several ways: it can be recorded locally to get a post- 48 fire time history (if the AFD is recovered); or transmitted by radio in real time to individual 49 firefighters equipped with appropriate receivers; or transmitted to a central receiver at the fire 50 command center. In addition the AFD can also be used as an independent data collection device 51 on prescribed fires, and when equipped with appropriate sensors, will assess such parameters as 52 thermal output, temperature, gaseous product evolution and local weather data. 53 At present, once firefighters are on the ground near the fire site, they may be effectively blind 54 to the activity of the fire. Spotter planes and other aircraft may periodically over fly the area and 55 report the movement and location of the fire to the incident commander (IC), but often even this 56 rudimentary data is lacking. The loiter time of aircraft over a fire is limited by fuel and cost 57 considerations, and dissemination of data from the IC or aircraft control to crew units may be 58 spotty and irregular. Data that is locally available to individuals or small fire fighting units on a 59 continuous basis can vastly improve fire fighting efficiency and safety. 60 Much effort has been expended in modeling the movement of fires in wildland settings 61 (Andrews 1986 , Andrews and Bevins 1998 , Finney 1998 ) but these models are only as good as 62 the detailed weather, terrain, and fuel load information. Lacking precise information of the fire 63 site, these complex fire models can predict fire behavior for short time periods, but must then be 64 'tuned' with actual data to obtain long-term accuracy. The fire models are similar to modern 65 weather simulations that are periodically adjusted with measured weather data to provide 66 accurate long-term modeling. Again, the availability of timely data over the entire fire area 67 would increase the accuracy of model predictions and aid firefighters. Using AFDs and armed with handheld computers running these fire models, firefighters will 69 have accurate real-time data for model 'tuning', and may be able to more accurately predict fire 70 behavior based on past fire movement even when only very imprecise weather, fuel, and terrain 71 information is initially available. The ability to predict the movement of the fire is a powerful 72 advantage to fire logistics and firefighter safety. to each other, a central receiver, or to a radio receiving set provided to firefighters. This simple message can be transmitted digitally using any of a number of low-bandwidth 99 encoding schemes (5 or 7 level radio-teletype), or can be transmitted via a synthesized voice.
100
Other more advanced network schemes are also possible, although these increase the complexity 101 of both the software and hardware over the simple systems described here. Each AFD is AFDs may be recovered using an audible and/or radio homing signal. was envisioned that these early devices should be flexible and easy to modify for development 209 and optimization. 'Production' AFDs may be significantly smaller, simpler, and less expensive 210 than the prototype described here.
211
The prototype uses commercially available components and systems where possible. The 212 custom prototype printed wiring board has the components necessary to transmit and receive In addition to the analog inputs, several digital input/output ports are available. These ports 256 can be used to select among several operation modes, trigger a self-test, activate the device after 257 deployment, or to drive light emitting diodes (LED) to provide visual feedback during operation. been developed by the structure-fire alarm community and can be adapted easily to this 295 application. 296 We have found that a fire detection sensor using two thermistors in a differential configuration We have demonstrated the concept and electronics for an autonomous fire detector that may be 312 used as a fire sentry when fighting wildland fires. By keeping both the principles of operation 313 and physical hardware simple, the device has been prototyped rapidly. Several inexpensive 314 sensor designs have been identified. The same electronic package can also be used for safety and 315 fire monitoring during prescribed burns. 316 We are currently evaluating multi-sensor fire detector packages on small locally constructed 317 test fires. We will test a complete mechanical and electrical package with an extended range 
